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VETHOD AND APPARATUSFOR MULTI - SPECTRAL | MAG NG FI ELD
AND BACKGROUND OF THE | NVENTI ON The present invention

WO 20090251@ 0 i magi ng techni ques in which two orP@DFR2008/055597

colors or spectral ranges are recorded. In particular,

the invention relates to devices and nethods for

i ndependent control of the exposure for each channe

a HiH2 ANELAPPASR Ad R Fh&PE( hRAls IMAGING

performed on each of the channels separately. It is

known to capture digital inmages in which two or nore

colors or spectral ranges are recorded. The nost
EXVIGRAENEPON THRINGERAMYN N whi ch red,

gen and | REB Ot Or separations are recorded

for each image (frane) and are reconbined to generate

a "t r'like qubtamt ineprEsentlatcsdo ohagihg tscleriqued in dsch two or

al so been found useful to enploy other forns of

15’1%5% boRPE 6 Fﬁ'&ti‘a’ﬁ&ﬁ%&@zar& ¥REGakd Yin Mcéﬁﬂetgle in@édeid relates

the spectral” ranges 1ying outside the visible

spectrum either in_the [nfrared or ultrayiol et
e grBises and; wethe orogadeRengeH Gontaela Pt agxposure for cach

i nformati on which is not visible to the human eye, for

cheanpl, esnddrewberti Edrerasenpardescalt frbecssingng fafi@med on each
simlar reflectivity in the visible range and exhibit

i tiVvities at some other wavel ength.
%‘%&%ﬁﬁ%ﬁlgg%%é&fyﬁt ended application, nmulti-spectral
I magi ng may have any nupber of distinct channels from
two ubviarkiownge cpplse sigiialvierages rinrwhighelyvg or raete ¢olors or
al t hough not exclusively, to applications with between

el ddhges are recorded. The most prevalent example is color photography
g phetograp

in which red, green and blue (“RGB”) color separations are recorded for each
image (frame) and are recombined to generate a “true color” representation of
the scene.

It has also been found useful to employ other forms of multi-spectral
imaging, typically with some or all of the spectral ranges lying outside the
visible spectrum, either in the infrared or ultraviolet regions. This allows
extraction of additional information which is not visible to the human eye, for
example, where different parts of the scene have similar reflectivity in the
visible range and exhibit different reflectivities at some other wavelength.
Depending on the intended application, multi-spectral imaging may have any
number of distinct channels from two upwards. The present invention relates
primarily, although not exclusively, to applications with between 2 and 10

distinct channels, and most typically 3-5 channels. For display to a human user,
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di stinct channels, and nost typically 3-5 channels.
For display to a human user,it is common to nmap the
WO pFoa9E1d on from vari ous non-vi si bl e spect r al PEHRPOES/055597
into visible colors, producing what is referred to as
"fal se color” dlsplay Exenpl ary applications of
ztn;u$ comepest to stap lednfyymationuterasatiQisondreaisiblespaeisal ranges
agriculture, archeology, quality control and

Bty ViblcabsiBrs, i’fro&@élhgaﬁhétta[s' f3ferrB8 dbCa o aallsdi dolder display
appllcatlons di gital inmage- sensor inherently has a

|mt ran | f...too i ati.on reach
tptiBRe GHPP asdions PLs o Bk ot c ifduiE & Fappmical
andfa|I to provide further information. If, on the
mwstarch,hagricultwe, dichedlegy adivaliiyovomed cdnels sunveilkens,oas well as
no irmge data will be recorded, or the data will be

IMRLMohOW nunber of intensity
fﬁvﬁﬁs Wlt% conlgnelgtu ﬁp ossoo information or poor
quality of fhe imge. dat.a .i nrma\%Jp ept withi
the dfn@is fl""ﬁﬁ%“e Sorrig %r@ﬁglasrhaéyai dypargic range. 1f too
adj ustment of the duration of exposure and/or other
mackhredaisnakheois thg $dneosehesi ddrmispyndihgt pirelserrach .saturation
This adj ustment may be perforned opticall y, i.e., by a

:%gffh"i‘ 0 @Jov e ﬁllrﬁx%H talﬁSﬁ' Ifsﬁﬁntla)ee&hg? %80 'iﬂ&l%] Piiation

em or ron| ‘cal con I 'R
el ectri cal signal s to the [ e sensor array whi
1geehasetherenpon agrimagsndata r’r‘éﬂ]oge rerordedecr the sladn ?tiiﬂﬁesx)read
adjustnment is typically perfornmed collectively for all

Bdtwicbe € edlatiselorlonpaainbal ofaingerity | l@valaréiiiisconsequent loss of
CI rcunst ances, the exposure adjustnment may result in

BB b PG Sl e dHE BB PR 8o s aRP 3@t Within the
adj usted for all channels to avoi d over-exposure in
dymamic range of the sensor by appropriate adjustment of the duration of
exposure and/or other parameters affecting the sensitivity of the sensor. This
adjustment may be performed optically, i.e., by a mechanical or electro-optical
shutter deployed in the optical system, or electronically by controlling the
electrical signals to the image sensor array which define the integration time of
the pixel sensors. The adjustment is typically performed collectively for all of
the colors or spectral ranges.

In various circumstances, the exposure adjustment may result in non-
optimal use of the dynamic range of the sensor for one or more speciral range
when the exposure is adjusted for all channels to avoid over-exposure in one

particular channel. By way of example, when a color video camera is turned

towards a bright blue sky, important information visible in the red and green
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particul ar channel. By way of exanple, when a col or
video canera is turned towards a bright blue sky,

WO pgoeHme i nformation visible in the red and PCT/IB2008/055597
greencol or separations may be |ost due to the short
exposure tinme necessitated to avoid saturation in the
wiloe seprdrationsharayebe 1Mtedus 1es thehshert exposumsednief racessitated to
net hods and devi ces for sanpling nultispectral video

VRS SRtuYRRICint the bRIPAsIEF Bhdtinegach channel is
I ndependently dynam cal |y adjusted and/ or where a

contrast enhancenent corr.ectign js independentl nd .

cynan] REIFIT) BHRTIEC: PESbAanmariniemd SRR RE muld-
| NVENTI ON The present invention provides nmethods and

spevirabsideor imagys| whegrentia espesie aif edciechdnmedes inpeadently

t he exposure of each channel is independently

%ﬂ%ﬂ%l AdjadbyShEHANGhEr glhec'bﬁ’géstc Qﬁﬁérﬁ%hem correction is
nhancement “correction 1s i ndependently an

dynam cal ly applied to each channel. According to the

¥@%BWFE§§Y@Pgﬂgﬁaﬁ¥%gbﬁﬂﬁﬁﬁﬁéﬁﬁﬁghCh%@ﬁ i s provided,

a method for sanpling multi-spectral video inages of a

dynam cal Iy changi ng scene, the nethod conprising the

steps of: (a) providing a nmulti-spectral imaging

SEWIWAR HdDEdiHlg INVENTHDNt y of i nage sensor arrays,

each of the sensor arrays being depl oyed for sanpling

sequences of jmage.franmes.of the changi ng scene within ..

2 o <The Brepn b el PEREOR motiodk gRAYCS S BT Sblint Rhutei

ongoi ng sanpling of the inage frames, deriving for

gmetrabfviddoe imagessowhara dys eapoexpodueashpehanmel es independently

determi ned by applying at | east one exposure criterion

dhhitslhy V. );'Hﬁ%d' Era(%r | RAiste ANQohHIALE ARMRIBEMRY cdibsetion is
; and (c) setting

sensor arra

independently and dynamically applied to each channel.

According to the teachings of the present invention there is provided, a
method for sampling multi-spectral video images of a dynamically changing
scene, the method comprising the steps of: (2) providing a multi-spectral
imaging device including a plurality of image sensor arrays, each of the sensor
arrays being deployed for sampling sequences of image frames of the changing
scene within a distinct predefined spectral range; (b) during ongoing sampling
of the image frames, deriving for each of the sensor arrays an exposure
parameter determined by applying at least one exposure criterion to pixel
values in at least one frame sampled by the sensor array; and (c) setting
independently for each of the sensor arrays an effective exposure for a

subsequent sampled frame of the sequence of image frames, the effective
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i ndependently for each of the sensor arrays an
ef fective exposure for a subsequent sanpled frane of

wWo pwosejiience of inage frames, the effectiveexPUBIB2008/055597

bei ng set in accordance with the exposure paraneter

for the correspondi ng sensor array. According to a
éxposhesr Hedzg uveé of aceerdanes entthi ib@enexposypra Harameter for the
mul ti-spectral imaging device includes at |east three

&rrds 6118%?,%@&@&%}/, arrays depl oyed for sanpling
spectral ranges corresponding to color separations for

constructi.ng a true cql or video sequence of the .
o hAeordnt @ & futhe? Jetire b BRaR eI I eaRon, B gultipectral
present invention, pixel values for a plurality of the

innegee teaivesnaludes atleadt thyea of dhe snagosersoefatiays deployed for
related to the effective exposures so as to correct a

. ¢ .
Gphind HAKEF RSB b SIRNBLLAND 0P BbARfkting o
feature of the present invention, a contrast

@%ﬁ?ﬂ@éfﬂé@ %’&Pg@%ﬁ‘i’ﬁiheicga%@ﬁgis@@%o a plurality of

the i mage franes from each of the inmage sensor arrays,

t he cAoterdaig gndanderdbitueoof getpresehéhvigntival pxeiwdlues for a
i ndependently for each of the spectral ranges.

GBI B3k SR SR, gL SHEE 15T HDRBESTEDL st et o

sanpl ed frame fromeach sensor array based on the
heasiieasiver cxposuser sdyasatft corgage elpr adpticeohstavesst thy color

one frane previously sanpled by the sensor array.

QAREHTHNATTAA cach BF iSindoRakeHs¢ Rfaykhe present
i hvention, the at | east one exposure criterionis

appl1 £ 400 6! 2 VAIHE felul SRR 908rl AVation, o contast

enhancement correction is applied to a plurality of the image frames from each
of the image sensor arrays, the contrast enhancement correction being
performed independently for each of the spectral ranges.

According to a further feature of the present invention, the effective
exposure is set for each sampled frame from each sensor array based on the
measure of current dynamic range derived from exactly one frame previously
sampled by the sensor array.

According to a further feature of the present invention, the at least one
exposure criterion is applied to pixel values in at least one frame preceding the
sampled frame by no more than a fifth of a second.

There is also provided according to the teachings of the present

invention, a method for sampling multi-spectral video images of a dynamically
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sanpled frame by no nore than a fifth of a second.
There is also provided according to the teachings of

WQ p@opPdsent i nvention, a nethod for sanpling PCT/IB2008/055597
mul ti-spectral video i mages of a dynam cal | ychangi ng
scene, the nmethod conprising the steps of: (a)
ghaoging seene, rthe trnetbedt eampiismgi thg epd o (onhroyidingl 2 multi-

for sanpling sequences of image franes in each of a

s?eh‘&é‘l' inhdeiRk &bﬁ@r@nﬁguﬁéﬁbr@mﬁ 153} 0B&ES of image frames in
orresponding to a distinct predefined spectral range;

b B G, e AT e Bep s TE Bk iR to a distinet

plurality of the imge frames from each of the
hdefiedds spadteal ebnge; heb) coningasigenh samphegt off trer Boagoframes,
is perforned independently for each of the channels.

ﬁ%ﬁg!e{@oﬂt&s@ efrxﬂﬁﬁéeé?;l%rﬁ%ﬁé'éﬁogftowglu?ﬁiﬁ%% he in}agﬁa frames

t
I on, e corr I mage franes are”out put

i splay a real -tjme corrected video sequence. ..
f%%@o%‘i%h @?ttge aﬁfaﬁmﬁ ervheagiy the gpnirad ggment correction is
invention, the multi-spectral inmaging device includes

perfirmedl indypafdentader swbssfithachaywlis.each of the sensor
arrays being depl oyed for sanpling sequences of inage

frame e anqi i & Ni I SLLOE
pr ede‘%?%%&@pé&c% r gﬁ{}%gn%‘é&ﬂgco\got?lg i }%ge Qef-rg I?lu F@E{)ﬁ’ the corrected
features of the present invention: (a) during ongoing
inagsl frargeotret PRty displashassa reabitinegedrrested Hideossguerce.
arrays, an exposure paraneter is derived determ ned by

appl yABébraing @26 furfite fesiRsol @eGredet ibentionPiheahulti-spectral
values in at | east one frane sanpled by the sensor

el (B0 UL 60! BB TER L oot e sencor
subsequent sanpl ed frame of the sequence of inage
drraysaing Heplef e dor saenpling sequences of image frames 0? the changing
scene within a distinct predefined spectral range.

According to further features of the present invention: (a)during
ongoing sampling of the image frames, for each of the sensor arrays, an
exposure parameter is derived determined by applying at least one exposure
criterion to pixel values in at least one frame sampled by the sensor array; and
(b) for each of the sensor arrays, an effective exposure is set independently for
a subsequent sampled frame of the sequence of image frames, the effective
exposure being set in accordance with the exposure parameter for the
corresponding sensor array.

There is also provided according to the teachings of the present

invention, multi-spectral video camera for capturing video images of a
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exposure being set in accordance with the exposure
paraneter for the correspondi ng sensor array. There is
W@ R®o/0px1dl/i ded according to the teachi ngs of tP&I/IB2008/055597
present invention, multi-spectral video canera for
capturing video i mages of adynam cally changi ng scene
dovapicallngeham@ingnsaspei campaisingigémeant  dicat optraegament for
l'ight fromthe changi ng scene; (b) a light splitting
cﬂmeéﬂhg qggrwrz GHdiRdné %?ﬁ%:lhgtstceﬂa ('b:y_@ ﬁg}ﬁ%liﬁir@bfi{&? configured

optica angenment into a plurality of "spatia

B Rl iRk an B i) SkShidntadite 3 il WBkriatly

sensor arrays, each of the sensor arrays being

sbpptadyd dhdrorelseavhl domgpiningeligisnde distindagredéfimerbspectnal mnge;
correspondi ng one of the channels; and (d) an

SRS oF Lo U ASSRRL o 0  in delea

€ sensor-arrays,
control ;systemincluding at | east one processor, the ‘
lor coampling: ac 8°AUCHIES Qs ITBAZH drHPeT SR iAg Gpaesaading pne of the
recei ve sensed pi xel data fromeach of the inage

Sensels; ahtdys an (dédtromakyaeol est@hxakodated wihahatplmlity of
for each of the inage sensor arrays so as to determ ne

X re ra erf a t e
g O So PR RSB B RRSPuBhL PRSP OG0B B Sy one
a subsequent inmage frane with an effective exposure

priegessosLthie| sfeeani¢ epnisal sy sian dsingeerijeyrad é‘@'cg} trasbie sensed

Wi th the correspondi ng exposure paraneter. According

}I§i§teﬁ datl Fms heRtafr Seofmidte sOiRs elttaysNYENdnize tHe pixel data
ight splitting prismis configured for splitting the
ht fr arrangenent into cggtgnels W th

sydetely] R shbE o¥he iesd shANE BB st L JRRRF ! plgposure

parameter for each of the sensor arrays, and (iii) actuate each of the sensor
arrays to capture a subsequent image frame with an effective exposure
individually set for each sensor array in accordance with the corresponding
exposure parameter.

According to a further feature of the present invention, the light splitting
prism is configured for splitting the light from the optical arrangement into
channels with spectral ranges corresponding to color separations for
constructing a true color video sequence of the changing scene.

According to a further feature of the present invention, the electronic
control system is further configured to scale pixel values for each of the image

frames by a correction coefficient related to the effective exposures so as to
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constructing a true col or video sequence of the
changi ng scene. According to a further feature of the

W@er@9e11G nventi on, the el ectronic control sysPEnIB2908/055597

further configured to scale pixel values for each of

the image frames by a correction coefficient related .
qosrache eflpebalapec brpuesair e eonsepasaidpnsebomead) of the image
bal ance between the col or separations fromeach of the
dJefBgiearp/RSOr arrays. According to a further feature of

the present invention, the electronic control system

cor  oRvraHinEy LA BT (RSl HReT AR KGR Ketronic

the inage sensor arrays, the contrast enhancenent _
aatroesystom isdurthepentiegured to apelyendanitdsy efilsancereht obrrection
the col or separations. According to a further feature

@feakﬁ%fﬁﬁgﬁﬁ{d e IEEEL 18 eddhCoethR Ghi-RRIsen§ rfRls, the contrast

systemis her configured to apply a contrast
enhancenment coryecti.on to.each of the image frapes.
TGRPEREN BATEHION hrigs REFIBICaRshEndanty 0, RCAT the color
enhancenent correction being performed i ndependently

Jeparatimn. of the channels. According to a further
feature of the present invention, the electronic

contr ni,s r LT . e :
ot echro RS o TEREP BE BV SREknE iR tho clectronic
channel based on the exposure paraneter derived from
ool systemelstibaher pondigued 1§ apph? eentEpt epbancemest correction
array. According to a further feature of the present
tonseRtafofe itage drarh@afbmofhespsuneigerschesr @rayissthe contrast

applied to pixel values in at |east one frane
é)r{h%%gg&ggl tc%?rection being performed independently for each of the
channels.

According to a further feature of the present invention, the electronic
control system is further configured to set the effective exposure for each
sampled frame from each channel based on the exposure parameter derived
from exactly one frame previously sampled by the sensor array.

According to a further feature of the present invention, the at least one
exposure criterion is applied to pixel values in at least one frame preceding the
sampled frame by no more than a fifth of a second.

There is also provided according to the teachings of the present
invention, multi-spectral video camera for capturing video images of a
dynamically changing scene comprising: (a) a multi-spectral imaging device

configured for sampling sequences of image frames in each of a plurality of
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sanpled frame by no nore than a fifth of a second.
There is also provided according to the teachings of

WO p@of93sENnt i nvention, multi-spectral video CREEIBRSASSSIT
capturing video i mages of a dynam cally changi ng scene
conpri si ng: ga a multi-spectral inmaging device
dunbelgueech pbiths ehpirialy cergipmnding &f ajdistipct firadefingdnspectral
each of a plurality ofchannels, each of the channels

%ﬁgé,’?%ﬂ?'ﬂ@j I elRtrdnf Sbh6T st alinastedPORA AL lﬁ;@!’d'ﬁﬁiectrai

an electronic contrdl system associated wt
the.nulti-spectral, inmagin evice,. the.el ectronic
eing louisel fn SRR Agnte) PENER BRLGi b lses) o processor,
el ectronic control system being configured to: (i)

the calevteomic xaintodt sysfeon hemmg eohfigmesl i @ahoivedfe piwel data for
channels, (ii) during ongoing sanpling of the inmge

] p t4,8S n ; '

B RoggREhY e P RO RBYEng el Qi of the
channel s, wherein the contrast enhancenent correctj.on
ﬁn%a%gfﬂﬁleﬁeépplﬂd% SORHa PRhaNSEMERE FOBECHR tR RaRHERLE of the

According to a further feature of the present

i fiaffes b eddcbf ahe channélsolvheysh ehre i onfmast beltancement
configured to output the corrected i mage frames for

ep| ‘ .y . .
RS Defob R pdeEndQUL iR S bPBR GERHERC

invention, the multi-spectral inmaging device, inc]udes: |
(a) aAceeding e iat furthgr der@ise @drhe qupsat figyendjsm, tthe fdectronic

the light fromthe optical arrangenent into a

Bbritrall dykdenolis fRdhdraddnfigiredtatrgnabsnpecedcCimage frames for
containing light of a distinct predefined spectral

ARRRS or al Blne SIS RE ) Syea Tor sampl i ng
a sequence of image frames for a correspondi n% one ti(-)-f
t he cAaooring to a further feature of the present invention, the multi-spectral
imaging device includes: (a) a light splitting prism configured for splitting the
light from the optical arrangement into a plurality of spatially separated
channels each containing light of a distinct predefined spectral range; and (b) a
plurality of image sensor arrays, each of the sensor arrays being deployed for
sampling a sequence of image frames for a corresponding one of the channels.
According to a further feature of the present invention, the electronic
control system is further configured to: (a) during ongoing sampling of the
image frames, derive for each of the sensor arrays an exposure parameter
determined by applying at least one exposure criterion to pixel values in at Jeast

one frame sampled by the sensor array; and (b) set independently for each of

the sensor arrays an effective exposure for a subsequent sampled frame of the
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According to a further feature of the present
invention, the electronic control systemis further

weamwbiogaied to: (a) during ongoi ng sanpling of PE€TBEB2008/055597

i mge franes, derive for each of the sensor arrays an
exposure paraneter determ ned by applying at |east one
ssqpores of onigetramesy hepitiastive aixpesurerbesng petdstaceaulance with
frame sanpled by the sensor array; and (b) set

thBRPEARE PhlaméteF FRARE cOfredNIMRNSASoRARAYS an
ef fective exposure for a subsequent sanpled frane of

t heseguence of image. franes, .the effective.exposuse
et ngl G Aot GRULER  ARCdiHe S xiiGe AT BB AL L present
for the correspondi ng sensor array. There is also

ipventiale dnabicepatinal camerhdot eapthiingsinwiges ld psementomprising:
invention, nulti-spectral canera for capturing inmages

Ofor( in@PLibRel fr&h' B ki
QP IFRAE ARk Oor| SOUSTHPNRR L ARISTAE  (a, ight
prjismconfigured fqr_spljtting t | Lght from.the
i Prign SR for SBliing aﬁgbfyfrgm Hsappligal prrangement
separated channel s each containing light of a distinct
inte de folunatitys pécspadially asigparatéd ) clanpelsr addlt yonfainimgghght of a
sensor arrays, each of the sensor arrays being

\Y r : : r g
SSRGSl ARSI IS L ATER] BF Rote SRR coch
system associated with the plurality of inmage sensor

rthy ssenspe AXaEt eI Yes! ey stasmlinge | inesg lgmes  for a
| east one processor, the electronic control system

heragondinki odeedf tihe Channebceive @@asedlcpirsgic dahaol system
fromeach of the i mage sensor arrays, (ii) analyze the

Bt el R Al BTl M 50 convl

each of the sensor arrays, and é\i@i i) actuate each of .

ws;eﬁ@en@@dlrw payenst engapogesson thebelsgiuentc ¢oriyd fyistame being
configured to: (i) receive sensed pixel data from each of the image sensor
arrays, (ii) analyze the pixel data separately for each of the image sensor arrays
so as to determine an exposure parameter for each of the sensor arrays, and
(iii) actuate each of the sensor arrays to capture a subsequent image frame with

an effective exposure individually set for each sensor array in accordance with

the corresponding exposure parameter.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with

reference to the accompanying drawings, wherein:
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an effective exposure individually set for each sensor
array in accordance with the correspondi ng exposure

wWQaoakedier . BRI EF DESCRI PTI ON OF THE DRAW NGS AGBEIB2008/055597

invention is herein described, by way of exanple only,
with reference to the acconpanyi ng, draw ngs, )

wher eif§3.Fl &5 a1schematisciepraseniationies anvlii-spestial video camera,
mul ti-spectral video canmera, constructed and operative

@ﬁ@ﬂ:ﬁd@eﬂ@nﬁ%ﬁeb@cixtmbwﬁ% t®thd %chﬂh§§ eNthe preqdit ii®vention;
FIG 2 is functional block diagramof the

mul tig tral vid C ra of H.gur . Fl i

11 ow 5t iRl hIE AR Bl Brdh s P oRf gt o iabS cmera of
mul ti-spectral video camera of Figure 1; and FIGS. 4A
kigdredB are three-di mensi onal histograns of the

di stribution of pixel values in three-di nensional

col orpgpar ¢ Rl Ay liddnefihRtrafing I bRSlati®RNA G TRAKI-spectral
correction according to an aspect of the present

i.nventi on, spectively. DESCRI PTION QF TFI E PREFERRED
@WWEMT%%MY?JE t invention is a method and
device for sanpling multispectral video i mages where
t he eXii@S.ukA aofl Adhete ihhandieberissonah depegrdemstdijthe distribution of
dynam cal |y adj usted and/ or where a contrast

n e : [ n :
FRE R in ABNeEARRidaL | CARERRAR Heforlid afier g contrast
and operation of methods and devices acgording to the |
?fﬂ‘@&iéﬁﬂle%@@ﬁﬁ@%ﬂn nefFOFEngete én lﬁ‘ﬁﬂ‘?—;“ftsf’gc%‘emp gfent  mvention,
reference to the draw ngs and
respectively.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is a method and device for sampling multi-
spectral video images where the exposure of each channel is independently
dynamically adjusted and/or where a contrast enhancement correction is
independently and dynamically applied to each channel.

The principles and operation of methods and devices according to the
present invention may be better understood with reference to the drawings and
the accompanying description.

Referring now to the drawings, Figures 1-3 illustrate the structure and
function of a multi-spectral video camera, and the corresponding method,

according to the teachings of the present invention.

10
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t he acconpanyi ng description. Referring now to the
drawi ngs, Figures 1-3 illustrate the structure and

WO 200809330 of a nul ti-spectral video camera, aneCT/H2008/055597

correspondi ng nmet hod, according to the teachings of

the present invention.By way of introduction, before

addr d3%iWay ohdntredecirass bsfotenadgeesdegthe foanresont the present
detail, it should be noted that the present invention

Bveiciesn Herildisiiowtd basheed shatede prefenthihedhtion Slovides two
significance in its own right, and which are nost

referably used i .syper to.provide.a part.icul aply.
bt iR A TR T AL R o7 i oBH Gl R Which are
relates to an inplenmentation of a nulti-spectral video
roasteprgfearablycereddspyndigygtonpiovade & paicudarle xguaniageous device
times for each inmage sensor array are dynamcally

M hRthdd) P 'ﬁ?é%iéé'gs&aéelmWanfi%spls@%ma%ﬁ%ﬁ &lmulti-spectral
channel . The second aspect relates to an

i.npl enentati on of a ltis tral vjideo canera.in

& (G YA CPTESHORAIE BN R R B P X ROET ABPsedor cach
i ndependently and dynamically for each channel of the
imagei seppectrray watquiamiddiihvaghl tiheseindioidashewnaenifdl each
be described herein primarily with reference to a

r‘ S ) . .

SeELET PR RIOPAG TEind el PR ) A lorh el off. mult
of the above aspects.of the invention is of .
jPsadpleriden camery im vy uﬁse% EPRITHY BRI EN GeFIECHON i pgréormed
is shown a nulti-spectral video canera, generally
iddepgiirhad abd, dymumicaldy Yot egcly icHeendl nafgde mbiltBspectral output.
changi ng scene. Addressing first the aspect of

ARASAATERSE LToRS AT vAR T R PRI ERRID ViBERL W sigpee o

col |l ecting
a preferred embodiment which combines them, it will be clear to one ordinarily

skilled in the art that each of the above aspects of the invention is of
independent utility.

Referring now to Figure 1, there is shown a multi-spectral video camera,
generally designated 10, for capturing video images of a changing scene.
Addressing first the aspect of independent exposure control, generally
speaking, video camera 10 includes an optical arrangement 12 for collecting
light from the changing scene, a light splitting prism 14 configured for splitting
the light from the optical arrangement into a plurality of spatially separated
channels each containing light of a distinct predefined spectral range, and a
plurality of image sensor arrays 16a, 16b and 16c, each deployed for sampling

a sequence of image frames for a corresponding one of the channels. An
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light fromthe changi ng scene, a light splitting prism

14 configured for splitting the light fromthe optical
wWa@eeatgament into a plurality of spatially sepBCHIBM08/055597

channel s each containing |ight of a distinct

pr edef i ned ectral ra cand a plurality of i mage

deisrc &pnﬁygsm@%m 185 bncaﬁ@ungeﬁ Jeash e EPPRSyRld 1§ gpntigured to:

sanmpling a sequence of imge franes for a

@PFERMROBEHBE IRE QtatREmCORANSS Smadd8tiBok I@RivE 164, 16b and
control system 18, including at | east one processor,

{6 DA e Pl SRS B SE0 oie ull R hrs so

anal yze the pixel data separately for each of the
dsnmgéetspmnineranaexnopyre parameater feteachioleseasoresipaysut, 165 and
paraneter for each of sensor arrays 16a, 16b and 16¢c;

Y 4ifd Sr ardiadie @a%ﬁhopfseﬁﬂs%aﬁ N8us lkﬁaanciﬁlkbca&g chffure a

to capture a subsequent image frame with an effective
sc@éosure |nd|v dual I, set or.each sensor

SRR A et o e BT GRS D st for each

At this stage, it will already be clear that
senkoi arspent ac@brdande evidather@rik@pamding texponde pafameter.
operati on, correspondi ng to a nethod of the present

| venht s shEeviaa) ug{agg% adyan %gglt%%u Yl NI GOETREra 10

exposure con nt preva

art Spe0|2;cally, by adj u t he osure time for
q1Kkeits Bpdler Ol A comeRbaRLBE AR BRERAG £ iR g gseat Arvyeption,
inreal-tinme on the basis of pixel values previously

pavileedrdfoond tddeasapes 9e06 dhie abirayon telkposlyro agintrol anljgstment
of each sensor array is near-opti mal I y utilized and

Rl BL B U, b8 R SPRE Rl afy FR8%Re B SPuwg fime for the

i nvention will becone clearer fromthe fol | owi ng
wasen pedy déserh ppporal denselkingivdealy iy rwiéuﬂ@@muﬂl@sbasm of
of the invention in nore detail, it will be

pixel values previously sampled from the same sensor array, the dynamic range
of each sensor array is near-optimally utilized and the information content of
the images is thus enhanced. This and other advantages of the present invention
will become clearer from the following detailed description.

Before addressing the features of the invention in more detail, it will be
helpful to define certain terminology as used herein in the description and
claims. Firstly, the term “multi-spectral” is used herein in the description and
claims to refer to any imaging technique which simultaneously samples images
in at least two distinct predefined spectral ranges. These spectral ranges may be
of any width, may be overlapping or nested, and may lie anywhere in the

optical radiation band ranging from infrared through visible light to ultraviolet.
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hel pful to define certain term nology as used herein
in the description and clains. Firstly, the term

WO pgbp93ispectral " is used herein in the descriPET/BR0e8$5597
claims to refer to any imagi ng t echni que whi ch
si mul t aneously sanp] es i.mages in at | east, two di
praapies od wlhetnectnl agaies accmé% & gefinitign uﬁé’mbut are
be of any width, may be overl appi ng or nested, and may
hdte liailedhese the-ddler optés &margaeg;agf@n-@aﬁdfmmwiingging; and
from i nfrared through visi bI e light to

%(%l?lﬁ%l.{:'e)téhl ) %grp(ftfn]? aFeZ:lg %I%h%‘%hgg?‘gg Qm{entlon relates

Ilmted to: true-color V|deo I magi ng
rpierily; edthongh aos exrhsbichy; thtﬁulu ﬁwﬂwé tecdhwiqiegploying 2-

using multiple infrared wavel engths. The invention

TE®URLASt $PeciBl tdnyes, antihasdhypietlle3cd szwcﬁal Yangk§.

mul ti - spectral technlques enploylng 10 di stinct

Bngobte #Hendid 2pine Bortst o Sefd af € APSRCF ppui-spectral

subset of nulti-spectral techniques in which three
tspitnes ithwhikh dree spovplabbands avesanipgédirethepdsiblae spactrom to
al  ow reproduction of images which approxinate to a

él?dvt»/ ?Eﬁﬂodﬁ&%@gpﬁh %é% Which a@g?&ﬁrrﬁ&e ¥ ﬁ‘ﬁﬁ%tﬁl/réﬂi‘ﬁductlon ofa

human ‘eye, typi cal corresponding directly to

r edgr een- bands tqQ ich the unan e
KER %‘%Wﬂf% ﬁyéégﬁg ?Yc?attYRiﬁ Y EHLFPOR f%d%ﬁ‘éﬁ’n@ the red-
may be referred to as a "col or separatlon The term

greenkddiic | RGB gdbdmelseim whichhéhaldsomamptéyen isngnsitaendn  such
to refer to any inmaging process which generates a

fé%ﬂ&gs %fchl'x gﬁﬂfe AR by Be ‘f@f%ﬁ‘eﬁ% ab Ela‘%log%garﬁt@ﬁ”

erio or nmulti-spectral vid
typl cal Iy has synchronous frarres for each o
spectT’é‘F¥ nYigre” Ipessearaig orihe W@S‘ﬁ'ﬁ?‘iﬁ%@n%ﬁgﬂm to refer to
application, and the capabilities of the sensor arrays
aisetinddng @a@ébss which generates a sequence of image frames at a constant

frame rate over a period of time. For multi-spectral video, the output typically
has synchronous frames for each of the spectral channels. Depending on the
particular application, and the capabilities of the sensor arrays lused for each
channel, the frame rates do not necessarily have to be frame rates which are
normally referred to as continuous video. For most applications, however,
frame rates of at least about 25-30 frames ‘per second are used in order to
provide a visual impression of continuous motion between the frames.

Where reference is made to adjustments or events occurring in “real-
time”, the intent is to adjustments or events occurring within a time frame

perceived by a user to be immediate or almost immediate. Thus, by way of
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channel, the frane rates do not necessarily have to be
frame rates which are normally referred to as

weamwpisldus vi deo. For nost applications, howeR&F/[B2008/055597

frame rates of at |east about 25-30 franes per second

are Lise in order to_.provide a vi ;@gl I mpr essj on of

COR B SIS TRBY | aplisatiorser? Vifleor dighiay, olentaredeiapggscmay be
is made to adjustments or events occurring in "real

dom3ilered hecdpralgnt “real-timeddifustiagnbshipid theeni scene by a few
occurring wthin a tinme frane perceived by a user to

i i ryal t ] jates .. .
BBk TP &Baf” (TSl FTeeohe- Y Bl o g presen
captured i mages may be consi dered acceptably
inyention peir Whipta GmgEamenifiessithan ppadenib oh@ ssgond.f ew
tenths of a second. In nost cases, the real-tine

adj usTie pheasel“ikl8e ReASENArrhPY RNLEQN 1P SEHef téé\’iahﬁgi thake sensor
timeframe of | ess than one tenth of a second. The

hrase.."| e sensor._array, is used to refer t.0o an
Frivgstited JBF wiey 19 dmrewl ft CousSHdingrageral ge. Where
correspondi ng spectral range. \Were possible,
seibde,r defiernstie mapteaéndaisonss eiseolewanist nmass-progliued don-chip
on-chi p sensor arrays such as CCD or CMOS sensors.

SRS LA SRR (TTUXRHr TIROS Qns&%nWﬁer@rrE@%jﬁ%dlﬁgirx%ﬁ types of

used for the different spectral channels.

"effective exposurer i sed herein refer to any
SEP YRR BRpa R iRy H aercireabiamgefposur o
time or "integration tinme" for sanpling an i nage frane

by a Dheeamni feffiectsensgrosara”aig, used henéiahtoaetitrescesnyaadjustable
result equivalent to varying the exposure tine. The

y t t t "o 3 b : 2y
BT SOLIGPUDIARECTROL cEANEELIRE ! SSER oy o

the visual perceptibility of snall . )
sampling an image frame by a given image sensor array, or which achieves a

result equivalent to varying the exposure time.

The term “contrast enhancement correction” is used to refer to any
image processing technique which enhances the visual perceptibility of small
changes between intensity values of pixels. Typically, contrast enhancement
corrections adjust pixel intensity values so as to spread the distribution of pixel
values across a wider range of values within the dynarnic range of the image. A
large range of techniques for contrast enhancement are known in the art, and do
not per se constitute part of the present invention. The contrast enhancement
techniques may be applied either locally on different regions of the image and
then combined to a complete scene, or may be applied globally on the entire

image.
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changes between intensity val ues of pixels. Typically,
contrast enhancenent corrections adjust pixel

WO p01%3119/ val ues so as to spread the distri buPCIB2068/055597
pi xel val ues across a wi der range of values within the

dynamic range of the image. A |arge range of )
t echniigaby Where seferenpe Bnmrde dioeadiualmenis erncarrectioas made

art, and do not per se constitute part of the present

‘Findgsdnidently T hr ceadh aptciedln aRgeda Ntthise gbfRk S UBS aﬂﬂl‘mﬁéhts or
applied either locally on different regions of the

ST AR SRR iSRG SR et o

reference is made to adjustnents or corrections nade
oppeded émbemg lentieal fenel dhpenels alhe fernméindeperidentlet dogs not
to adjustnents or corrections which achieve an

5 ﬁd&@kéﬁ&%}v‘a&i&u&@ida_@é@%ﬁ@z%ukémfeogaﬁ%i‘ tﬁeapﬁﬁ!esf%s erformed
opposed to being identical for all channels. The term

"independent.| vy does .not necessarily excl.ude cases .
SHBER G0 H! CBRTRAE s BRGE o fiete heae BB ymposed
for plural channels, or where sonme degree of

lmdweeh ahe ehansels.npbse diobetwargie.t heookatioe|s. adjirtment anay in
exanple, a correction or adjustnment may in sone cases

B T (RO ey O e, D hen sl

i.ndi vj dual correction or _adjustpent, thereby, achievin
thranglsappy bsrsubjet ﬁaeaaeﬁ%@ﬁpnﬁlomdé%l@u@ncwcémnu@& aiystent,

for all channels. Turning now to the features of

10 thutdbly-shéstinglthy rebalt cfoaeimiepbndnd dopectss agiadf@tment for all
method in nore detail, optical arrangement 12, [|ight

ag%h%%ing prism 14 and i nmage sensor arrays 1l6a, 16b
an c may be. any suitable assenbly of

Turning now to the features of multi-spectral video camera 10 and the

associated method in more detail, optical arrangement 12, light splitting prism

14 and image sensor arrays 16a, 165 and 16¢ may be.any suitable assembly of

15 components for generating the required type of multi-spectral video images,
and are typically standard camera combonents for the relevant type of multi-
spectral (e.g., color) video camera. Thus, by way of non-limiting example,
optical arrangement 12 as shown here includes an objective lens arrangement

12a and may also include an optical relay 12b. Light splitting prism 14 is

20  shown here schematically for the case of a three-channel application as a
trichroic prism assembly of a type commonly used in three-chip video cameras,
although any arrangement for generating spatial separation between the

different spectral channels of interest may be used. For true-color applications,
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conponents for generating the required type of
mul ti-spectral video inmges, and are typically
W@ eangexigh canera conponents for the rel evant tREEIR2H08/055597
mul ti spectral (e.g., color) video canera. Thus, by way
of. non-limting exanple, optical arrangenent 12 as

Lighdvepliting nriser ddets spnfomyred: oy epligting e Mighefem the optical

and may al so include an optical relay 12b Light
apdideirieny RitbS Chdrhdls WHQW%FB@L[@ sefeiRicoe@kpondifg tdrecolor
case of a three-channel application as a trichroic

FpuBoB TEr Bl e AGOIR s, 8B 1 of WsC bRy goene.

spati al separation between the different spectral
typwaHEROBf i nterest may be used. For true-col or
applications,light splitting prism14 is configured

5 for sphd thiniiert 4R EhboffihfiPet 89158PtHGSY B4, AELARA 16¢ are
into channels with spectral Tanges corfesponding to

B FESOBHAE 19 DRaROTAG S cteciet sheatdly epor Bavelength

nunber and type of inage sensor arrays 16", 16.6 and
rh6eesrl sshevskre desorodinegondingriie skilleden té agpect r al
channel s and their wavel ength ranges, all as will be

cl ear : ' kWi SKi 0 PR T Wy
mow ¢ DeBE oS ) CREL NI oML G Th Y, ks PG Sholudes
i ncl udes a_ canera control subsystem 18" whi ch _handl es
ARSI/ A SUORHE T 184 grbichehdaics AR HRUL funsiioas ngf the
trigger signals for synchronization of franes, control

10 sshsexmesyy, erovidis angbotsienalofer afndhgogiattderebéfiames, control
El ectronic control system 18 also preferably includes

R, BRSSO MBSIB B TR gy e 1
;125 psrlé?e%ial\)/iiniirgcrl]uggs an image processing subsystem 18b. It will be
appreciated by one ordinarily skilled in the art that the subdivision of
processing functions between physical parts of the system may vary widely,

15  and that many aspects of the processing system may be implemented as various
different combinations of hardware, software and firmware. By way of
example, particularly in the case of CMOS image sensor arrays, various
processing functions may be integrated directly onto the image sensor chips
themselves. Thus, the recited electronic control system refers to the presence of

20 suitable electronic components at any location within the system which
perform the particular recited functions further detailed below.

Electronic control system 18 is also associated with an output device

which may be a color display 20 as shown here. Additionally, or alternatively,
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processing functi ons between physical parts of the
systemnmay vary wi dely, and that many aspects of the

WQer@weesHihg system may be inpl emented as vari ORGI/IB2008/055597

di fferent conbi nati ons of hardware, software and

I B P S 0 e

functions may be integrated directly onto the image
Kenbansmishion thenyempds . loTatien, ahdatrestorans dewicer ami another
control systemrefers to the presence of suitable

[BloBEdsiNEEI SR TOORRNES aBhly 3R RS BbIQRedViaRi N the
system whi ch performthe particular recited functions

| o ol Che BEBtioR ol ¥lifionis S G0 1A s 1 Riposhonding

a color display 20 as shown here. Additionally, or
raethednaf ithel presdnd muweption, eyl beovwli be adescrilbeal avitht heference to
devi ce, such as a conmmuni cati ons system for

Igigﬁfb%r@ 88490 1h ‘Figwre D 59 ‘}gﬁtje%hts §cl?%ixﬁ%c%?i?[}tg? Tombination

vi ce, or anotheér processi ng system

al ysis of the cqgllected,data.. The operation of
ol Slopb ATTAN RN 2- ég@@f é&lti*@g miven dfl and dryags sy mgrays 164,
met hod of the present invention, will now be descri bed

16k hnd dberehich tbgethegyeesa suisdl o3.thioe dyinghfchods fRoNeLaf the
represents schematically the conbination of optical

n : | nd._i
SIETRREE e oot kbl SR, SR B dre stored.
sets of three synchronous frames of the same i mage in )
epReGtivehects vocspe bt r abcasdineand “feere HFanks Eigere 3, this
stored, respectively, as "Scene I", "Scene I1" and

dobependd 10 sarthplifts G RarBes fRind 0K LARANSISay, AdeRéd BY step
of frames from each sensor array, identifi ed as st ep

Zi%pnéf&gﬁfeﬁ asﬁéps 3.12,? ﬁ%r%i% ggéﬁn%gsa%{]ﬁl%igngf ﬁq%%a{g%gfrgr%eiqﬁe system
applies an exposure criterion to the pixel values of at least one frame from each
sensor array to derive an exposure parameter for each sensor array. The
“exposure parameter” here is a parameter which gives an indication of whether
the frame in question is overexposed, underexposed, or within an acceptable
range of exposure. In the example illustrated in Figure 2, this involves the
system deriving from each of the frames a corresponding histogram of intensity
values of the pixels. Various straightforward algorithms may then be applied to
the histogram to generate an exposure parameter, as is well known in the art.
By way of one particularly simple and effective non-limiting example, the

average black level of the scene may be calculated and, based on this result, the

exposure time required to achieve a desired average black level can be derived.
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appl i es an exposure criterion to the pixel val ues of

at |l east one frane fromeach sensor array to derive an
W@ (900e31e0 par anet er for each sensor array. ThePCT/IB2008/055597

"exposure paraneter” here is a paramater whi ch gives

i ndi_cat.i on of I thefra uestion
Bl SR e, = divies LSt SXOPSHETAT A oA A B e gd frame of
range of exposure In the exanple illustrated in
the gaqecite dlhimmgerfvohees dehndepshéenthefdr\eanyy of tlieesamoh arrays
of the frames a corresponding histogramof intensity

pal ért%%r%nsEhewﬁhx%é a\f@lreg%ﬁﬁgﬁ%& alg %EB%“ s t dameter for the

aI gorit may then be ap gramto

generate an exposure neter, as.is kno in
wsapaglngysqw aftapnl ﬁ’gﬁﬁ‘é’m‘?’ér pf) thg p@l%ﬁq@xposure for the
effective non-limting exanple, the average bl ack

5  prévelrant dfhepiseepgeotay chentdvedsl Bicegkpanel, thasffdctive exposure
this result, the exposure tine required to achieve a

L e R A QT s

sarrpl ed frame of the sequence of inage frames is set
wherspdaduinr fame rwasaetdesexpased sha sbliective gyroduse is lengthened.
accordance with the aforenenti oned exposure paraneter

TR i§ REpreQ@nt&BROPLHURE 298NS BeddhtidYonhdttidheanidsure detting
the effective exposure for the prior frame of a given

A0 BT S0, 8t

channel is shortened and conversely where the prior
10 parfrmodasontiieruskpdsed elheedidapets igoekisosenidime independent
| engt hened. This is represented in Figure 2 by a

é)%)%@@&cﬂﬁd jESRRHRE tfbloé‘aéhose?are&é @g&:’&eﬁ c'h%hhéin Thiy ERRNGENEIE each

each”of sensor arra and 34 are

Bectrreny -%éq%b”ﬁ%aé&@hé&‘%é’ﬁ‘%%@saf esc%%%’ Jetensly iR the
each separate spectral channel. This ensures that each
relevant spectral range to keep each sensor array operating within its optimal
dynamic range.

15 Depending upon the available processing resources, the effective
exposure adjustment need not necessarily be performed at the frame rate of the
video. In many cases, an adjustment of the exposure once every few frames
would provide an acceptably rapid adjustment to accommodate sudden changes
in illumination or scene brightness without sufficient delay to disturb a user

20  watching the output. Similarly, for many applications, it is not critical whether
the frame or frames from which the exposure parameter is derived is

immediately prior to, or several frames prior to, the subsequent frame for which

the exposure is being corrected. Typically, a delay of up to about a fifth of a
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spectral channel adapts rapidly to variations of scene
intensity within the relevant spectral range to keep

W@2wb/0sghEsor array operating within its opti nePCHIBAN/SS597

range. Dependi ng upon the avail abl e processing

resources he Ef ective exgosure adj ust nent need not |
Sf?&%‘is’é‘r PPR}fYHé%E F FOPREFCarORREIqT d$adiGl optatic. dfyvever, in a
video. In nmany cases, an adjustment of the exposure
mtieulavigr yprefurdd ahigh-parfdrdigneoviioplancatiopt alfl ythe present
rapi d adjustment to acconmopdate sudden changes in

S . i )
i SR e SO L Sl Mim o %ha%flannel s
Simlarly, for many applications, it is . not critica .
S ane o ther PRRSUL DRIBMRIET APBHedTOm the danediatghe previous
paraneter is derived is imediately prior to, or
Sewvesampledie thewenesr dreast. he subsequent frame for which
the exposure is being corrected. Typically, a delay of

up to : [ f ‘] lyin

expostf ddtidhell sefled ETHERRE e, K AlctBie, byh to true.
particularly preferred hi gh-performnce inpl ementation
@HOK ﬁ@agmés@ﬁf othrretprd ol mplespgotead timaging porasifecallyr in the
each sanpled frane fromeach channel is set based on

dahe ofxnrseuler pEplERions, therihugskrideandjastmhdeired &pebe for the
previ ous frame sanpled by the sensor "array. As

GEPHERR AL G ph IR S60b b s PRRALSE oo

mul ti-spectral imaging. Specifically in the case of
sepakstions.oll arssiare dhe cidor bhakencadapeictedt, tidj psicassing lystem
exposure for the different channels raises an issue of

CRABIY s dles DA VA £ e i 2 i i
Igrepar a?isonse . ?J%mr ei\%&%{fg te he %ﬁiﬁ{gr}%egg%g, 5 g¥ as%aé% c%%:ecnon

' te . . . .
(:toré?ﬁ&%gtcgeﬁgtleﬁgtos o ettective exposures (typically inversely proportional

to the exposure time) so as to correct the color balance between the color
separations from each of the image sensor arrays. In order to avoid loss of
information during this scaling, the bit depth (number of shades per pixel) for
each frame may be increased about the native bit depth of the sensor output, all
as will clear to one ordinarily skilled in the art.

Turning now to features related to the second aspect of the present
invention, it is a particular feature of certain implementations of the present
invention that electronic control system 18 is further configured to apply a
contrast enhancement correction to each of the image frames from each of the
image sensor arrays, the contrast enhancement correction being performed

independently for each of the channels. This is shown in Figure 3 as step 38,
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preferably scal es pixel values for each of the inmage
frames by a gain correction coefficient related to the

W@RGeeedive exposures (typically inversely propRCT/IREH055597
to the exposure tinme) so as to correct the color

n e n.the.c r,. sepakations fram each, of the
LSRG R O 16K, peIE Himanenooe Gimed Will® cach
information during this scaling, the bit depth (nunber
JrangphireEigue BiAlgoyitlinos fempbrforming eautrdst enharceased are per
about the native bit depth of the sensor output, all

25welll kncRdiBamdt WilPABt BE eBRNHY held Id &é’tailF‘ngFcaﬂ for whole-
Turning now to features related to the seco aspect

%f t he presen invention, .it iLs a.particular feature ,
Fgor T HBRETES | DrRike) TR Sl SPIOEME Serator is
that electronic control system 18 is further

appifedgte dle tioanap phith sparemeteas tdeeivednfrene e déstogaim @f pixel
to each of the imge franes from each of the inmage

t a t 4. 1.0N
RERECOTF o Sy BORLA A The A NARSATRR! oRAELECH! B pread e
channels. This js shown in Fjgure 3 as step 38, and
RUSSOSEEP SRS qvanlsribronadcoe Rypuies dyEARAEBEEN: -

associ ated with each channel in Figure 2. Al gorithns

for péipghorsnitAg acd B adlusteabatheegpdrtarice @Sﬁh@%p}aﬁbétion of a
known, and will not be dealt with here in detail.

Lcal . e a
e oo T uER PR Sy I SASE el s 44
the frane with paraneters derived fromthe histogram
ovsi Refhreadiraensional neistogsmm af piselpindensitivre vdtlieca sefopled
the operator is to spread the histogram nore evenly
frivheughetd thearads @lrtedpdivd avigChit IPHE -lex%l)a?ix%{i irﬁféns’!lﬁé‘s #Beach

a

illustrate the inportance of the application o
ogfﬁtg%;[géﬁ %ﬁ%ﬁ?@eﬁi fe f):e(a)rctirmez atricgtge Islrl](g\%R %régee, %(la ¥ar§g% 5P \(r:eﬂues in
red and green are fairly small, lying primarily in the 150-255 range, while the
range of values in the blue channel (shown vertically) is much broader,
spanning much of the dynamic range. If a contrast enhancement correction
were applied uniformly to all channels, only a small correction could be made
in order to avoid loss of information at the upper and lower ends of the
dynamic range in the blue channel. By dealing separately with each channel, it
is possible to optimize the contrast in each channel, as illustrated in Figure 4B,
so that the pixel values span substantially the entire dynamic range in each
channel. This makes visual interpretation of the image data significantly easier.

It will be noted that, in true-color applications, the independent contrast

enhancement for each channel may introduce some degree of color imbalance.
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shows a three-di nensional histogram of pixel
intensities wwthin a sanpled franme, where the axes

w@pespdnd to 8-bit (256 | evel) pixel intensiRPCEEB2B/055597

each of the RGB channels. In the particul ar case shown

: val [Lh re n reen.are fairl .
BEG ek I Ay Rinek® 88 el NS TR AIGs MR B T Reungs is of
range of values in the blue channel (shown vertically)
PEMEUERPYtEKGe the Dosierlady v, diigh heontipst meslting gmage may
If a contrast enhancenent correction were applied

tépkdsentrh yudrthvtlile @A@VTERSain@Th¥k # ﬁﬁ@llﬁ? UGS Rftluction.

could be made in order to avoid | oss of information at

t he upper_ and l.ower ends,Qf the m.c range in, the

ol e SRANEIone e i mo i iated V) Yk HheciRdepbicih exposure
it is possible to optimze the contrast in each

el gispeetsand thesindapentiant chingasteertBncsmenthadrrédiion aspect of
pi xel val ues span substantially the entire dynam c

. . , r
e S0Pk P ol P IR e
noted that, in true-col or applicati O[IS, t he

¥57ge SERVIBHLLY ¢ Bht #hsPtherikias c shRYRntpAl esysterandinthermaye, the
i ntroduce sone degree of col or inbal ance. However,
ipdepérglehtrdontiabie cereciion aispevi sfathcagsessiornis abt ifReSarily
features is of prime inportance, the particularly

v : I r nt .a
re R & PR Ppralecor Ml TR B Tty 5 PRl Sy can
reproduction. As nmentioned above, it will be noted )
behapphiest i ARy Gasaephergetieiiallp senaatesh for olhcasiseleetnenically
t he i ndependent contrast enhancenent correction aspect

whatated)edocohanieyenid ovniRbl: Eanidtanast Eddinandenfif they
pat ent abl e significance when used separately in an

B ST TP RISy . ity
inyention is not necessarily
preferred implementation, the two aspects are combined in synergy, both
contributing to the correctly distributed dynamic range of the resulting images.
Turning now to the remaining features shown in Figure 2, after
application of the contrast enhancement corrections to Scenes I, II and II, the
corrected images are transferred for fusing into a color image format as part of
a video sequence, which may be a true-color image or a synthesized “false~
color” image according to the spectral channels used. These color images may
be further processed or subject to transformations according to conventional
techniques, depending on the details of the particular application, all as is

known in the art. By way of one non-limiting example, a technique known in

the art as PCA (Principal Component Analysis) may be applied to further
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15

limted to cases where separate sensor arrays arc used
for each channel, and can be applied in any case where

WelR@Wooedie separated (or ot herw se el ectroni caPCTIB2008/055597

separated) color channels are avail able for individual

iag, 213 | 1 gj.nat .a_single .
B9, AP R OB R G BRI BB FgF @ sampled
f)r eferred inplementatjon, the two aspects are conbi ned
TANS A0 apeRmPEYh signblieant furtber pehansemeot.| The color images
di stri buted dynam c range of the resulting imges.
drar then Uit fr diSplakearRl/6 Bethek SRFHEL Hr&RQVMe! Bofib&bliing to
2, after application of the contrast enhancenent

ﬁ%gggﬁﬁéﬁ? o Scenes |, Il and Il, the corrected

ansferred for fusing into a col or inmage
format as part of a video sequence, which may be a
t r ue- d8howgh ntlige dhove slesctipion edeliteal $ecphurctldrtypgpreferred
according to the spectral channels used. These col or

iR e@enHEON S S ftHE HhQkenP R&RESEdn She %Bﬁieg(l? totf tevg(é]enol alagtg graphy,

t ransf ormati ons accor di ng to conventi on

dependj 0 detail.s of th articul ar .
BBPrEhprartte ot s Brignilss b Ghorert Byenlian srvonko be
non-limting exanple, a technique known in the art as
fQAc(Rni stbépeadntSdrpBoecxaniplal ys ils) caseyofbe highpliaity ttue color
furthertransformthe three-di nmensional histogram of

sQﬂPé%a.zﬁéFa%ﬁh@e??ra@é s@ns}?ﬁ'ﬂi‘t@? fo?%gﬁh%%lc?rscﬁa%qgi, dbe separate

acconplish signfficant turt enhancenent .

ihﬁrr?]gelz are then o tpué for displ a%( and/ or ot her

PR ?XRS"SB%%%’EHQ of dbg peessBhmvisglion mayvehe ueed e advgutage. In
3. Although the above description relates to

thaw taseyltlee kyp@uuet eentigg fomtieciaheDRsowdd proRralle @ Herived
invention in the context of video photography, it

u n rincinpl of the present
i?%\?}ek%do S gl é\gﬁ%%ttﬂg pre’ bt Andmitding Tode 5% Fom a test-
exposure taken just prior to the main image exposure. In such a case, a color

balance correction is also required, all as described above.

It will be appreciated that the above descriptions are intended only to

-serve as examples, and that many other embodiments are possible within the

scope of the present invention as defined in the appended claims.
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applied in other contexts. For exanple, in the case of
a high quality true color stills canera with separate

W@ 2098093180 r ays for each col or channel, the sepBCHIB2008/055597
channel exposure control of the present invention my
be used to advantage. In this case, the exposure
WAy EEAINEA I8hannel woul d preferably be derived
from readi ngs taken during the pre-shot nonitoring
mode, or froma testexposure taken just prior to the
mai n LmageAexpebode for sagmplingn mwaliespectnd| videbalimages of a
correction is also required, all as described above.
dnahichll: @hﬂ@ﬁg%é{eﬁe%élﬁ@ﬂmﬁ%ngﬁ@lﬁg gRsgépPofons are
intended only to serve as exanples, and th many
ot her , enbodi nents are. possible wihip the scope of .the
ot o6l | rSHEDE SUEPeRG Taeing Shyinaege & plirdfity of
claims. WHAT IS CLAIMED IS: 1. A nethod for sanpling
mul ti - specimage sérdep armamgesactf of ssiyinsenisonkimys hang deployed
scene, the nmethod conprising the steps of: (a)

providi ng &fﬂgﬁ#ﬂ;&z@pg vetbed BRGNA0e gﬁﬁgsfe of R %Hh}‘é@gg scene

plurality o ge “sensor arrays, “e sald se

arrays being,. deployed for, sanplin equences of inmage
frames of WHEIL gl%‘inﬁbp’éeééﬁgg&ﬂt’?ﬁ Tﬁaﬂcﬁeézti nct

predefined spectral range; (b) during ongoi ng sanpling

of saftd i nehgénd vageisg sdarplinignel $a0d ieagh fiemesaderisegsfor each
arrays an exposure paraneter determ ned by applying at

| cast ono 71 et ofnkin. Ryl okl YAIMGe! Meftmiped by

setting independently for each of said sensor arrays
an ef f ect i #plying at least one exposure criterion to pixel values’in at least

one frame sampled by said sensor array; and

(¢}  setting independently for each of said sensor arrays an effective
exposure for a subsequent sampled frame of said sequence of
image frames, said effective exposure being set in accordance

with said exposure parameter for the corresponding sensor array.

2. The method of claim 1, wherein said multi-spectral imaging
device includes at least three of said image sensor arrays deployed for sampling
spectral ranges corresponding to color separations for constructing a true color

video sequence of the changing scene.

3. The method of claim 2, further comprising scaling pixel values

for a plurality of said image frames by a correction coefficient related to said
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exposure for a subsequent sanpled franme of said

sequence of image franmes, said effective exposure
Wh2ipgoder i n accordance with said exposure paPGHBi2008/055597

for the correspondi ng sensor array. 2. The nethod of

claim1, wherein said multi-spectral inmaging device

¢fficdthse sxposurenso akr e cofreshiad colmgbakens obetweeaysaid color

depl oyed for sanpling spectral ranges corresponding to

&ghpétio%%ﬁ]!rﬁ %&?6£§£H.iﬁ1‘é§§%éﬁ§b}iaﬁ‘%y§ true col or video

sequence of the changing~scene. 3.  The method of claim
2, further conprising scaling pixel values for a
plurality of said imge franes by a correction

o cobrect The R il e S ariRin appyte A coniras

separations fromeach of said inmage sensor arrays. 4. )
Fthanrembodcatedicn o 2 plinatitthef seidnmrdgsi frgmapdrymmach of said
contrast enhancenent correction to a plurality of said

i'ég%e sé R BRrdys ORI E M Pst SR nbERER S8R H 0 5?@1%}5 ng%rformed

contrast “enhancenent correction beli ng per

i ndepenpdent for each of said col or separations. 5.
‘FH@P%’é{éﬁ&(d fj@%('e%‘}%a‘?fﬁ%ai‘?c‘?]t?F'tSWa%%‘Fﬁpri sing applying a
contrast enhancenent correction to a plurality of said

i mge franmes fromeach of said i nage sensor arrays,

said contrast enhancenent correction being perforned

i ndep&ndenThy mgthoéarthcleim shi firthee conygirisiamgpplyie aToentrast
method of claim1l, wherein said effective exposure is

nkOheRPES ST ﬁﬂafﬁg%‘i‘glgi bP L RA Rt RSRTes Frdi@Yeach of said

ased on sald neasure rent dynam c range derive

from exactlg/ one frame previously sanpl ed b(}/ %ajd
image sensor drrays, said contrast enhancement cCorrection being performed

independently for each of said spectral ranges.

6. The method of claim 1, wherein said effective exposure is set for
each sampled frame from each sensor array based on said measure of current
dynamic range derived from exactly one frame previously sampled by said

Sensor array.

7. The method of claim 1, wherein said at least one exposure
criterion is applied to pixel values in at least one frame preceding said sampled

frame by no more than a fifth of a second.

8. A method for sampling multi-spectral video images of a

dynamically changing scene, the method comprising the steps of:
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sensor array. 7. The nethod of claim1l, wherein said
at | east one exposure criterion is applied to pixel

W@ 20000%31ih at | east one frane precedi ng sai d sBERIBR2A08/055597
frame by no nore than a fifth of a second. 8. A nethod
for sampling multi-spectral video imges of a
dynanfagal | providingi rg mobdnepedtisd mewhog cdewed scomfigired for
steps of:(a) providing a nmulti-spectral inaging device

confi gured ; [ Wf@ s TRIBadH BFES pldtali
each of asp 15%?%%&3?%% , eac 82@ saéihgl Chaﬁ%d;rﬁs{ty of
correspondi.ng to a djsti.nct, predefined spectyal range, .
(b) duri ngcréﬂ%ﬁsf)snge@bnﬁifi $gd ophame icﬁﬁ@%’qr’ré%st,o a” distinct
appl ying a contrast enhancenent correction to a

plurality pfedsfinet spryel fargpes from each of said
channel s, wherein said contrast enhancement correction

o THD et T o il (7SR iagh RGAE" SBlying o

outputting said corrected i nage frames faor djisplay as.
a real -ti neOTESE exbepcymenio caBgeliztdo a (plumghidy negh kaig image
of claim8 wherein said nmulti-spectral inaging device

i ncl udes afipines @onh ¥adlf of sAGehaenggr arrays, each of
sai d sensor arrays being depl oyed for sanpling

SRR SRR Con bR e B o iaf JS PR ety for

of claim 10, further conprising:
each of said channels.

9. The method of claim 8, further comprising outputting said

corrected image frames for display as a real-time corrected video sequence.

10.  The method of claim 8, wherein said multi-spectral imaging
device includes a plurality of image sensor arrays, each of said sensor arrays
being deployed for sampling sequences of image frames of the changing scene

within a distinct predefined spectral range.

11.  The method of claim 10, further comprising:

(a)  during ongoing sampling of said image frames, deriving for each
of said sensor arrays an exposure parameter determined by
applying at least one exposure criterion to pixel values in at least

one frame sampled by said sensor array; and
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(a) during ongoing sanpling of said inmage franes,

deriving for each of said sensor arrays an exposure
Wp200ate31er det ermi ned by appl ying at | east onePERRROW/ 55597

criterion to pixel values in at |east one frane

sanpl ed by said sensor array; and(b) setting

i ndep®ndenteitynd ardepandersly fai ehcherfSsnid aensysaraays an effective

effective exposure for a subsequent sanpled frame of

sai d sequ sife & %gg%ufbfs@([iﬁeﬁsal gip%c?fff’eﬁﬁé lofCs ek RR Hér%e of

bei ng set 1 n accordance exposure par anmet

for the correspgndi ng sensgr array

mul t - Speciee (AHS saferACHBe Eém%w rbgm& debolh RegRidance
of a dynamically changi ng scene conprising: (a) an

opti cal arwihgeidespokore mvhinett ifogthei @intespomdimg Isensor array.
changi ng scene; (b) a light splitting prism configured

for splitting the light fromthe optical arrangenent

into a plurality of spatially separated channels each

cont ajNi ngl | 'ngtm sg{ctﬁzl d\h?&ﬁ RGkneR! g9ethRBHN pﬁ%éq mages of a

range; (c) a | mage sensor arr

ai d sensor arrays beln epl oyed for sanpllng a

ipRldy et aﬁ%‘é@“ﬁ&?@%"f £-a correspondi ng one of
said channels; and (d) an electronic control system
assocﬂa?lt edan/vic)tpkicalabﬁangunamﬂ tyr obll¢orage light Soom atheayisanging
said electronic control systemincluding at |east one
processor ,chﬂé;d el ectronic control system being

(b)  a light splitting prism configured for splitting the light from the
optical arrangement into a plurality of spatially separated
channels each containing light of a distinct predefined spectral
range;

(¢) a plurality of image sensor arrays, each of said sensor arrays
being deployed for sampling a sequence of image frames for a
corresponding one of said channels; and

(d) an electronic control system associated with said plurality of
image sensor arrays, said electronic control system including at
least one processor, said electronic control system being
configured to:

(iy  receive sensed pixel data from each of said image sensor

arrays,
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configured to: (i) receive sensed pixel data from each

of said image sensor arrays,(ii) analyze said pixel
wa@l2009/0sgpar at el y for each of said i mage sensorPGF/IB2PE8/055597

so as to determ ne an exposure paraneter for each of

said sensor arrays, and (iii) actuate each of said

sensor arr@is tanadyrst spié pixeludaie pepanatelydon enelnof said image

an effective exposure individually set for each sensor

array in accor daneer ¥rafs & @&ét@ﬁ%@%nr@(p%ém&rﬁmeter for
paraneter. 13. The nul t’i-spectral video canera

claim 12, wherein ht splitting prismis
configured for %ﬁﬁ‘pl‘%tsﬁﬁjgscglﬁ ?’E@Fﬁ % om t he opti cal
arrangenent into channels with spectral ranges

cor r espondiiiiy tarteatk eack efaant samser imays omsaptuct arsgbsequent
true col or video sequence of the changing scene. 14.

The mul ti-spectyal c%wt ]r?% GAIELA IF cﬁlv@' lp%%ure""ﬁﬁﬁ 'dgaily set

sai d electronlc C systen1|s urther configure

to scale pixel yalues for each.of said im Eranes by

a correction coloreagh SeASOF @FTaY dB apePrdanes @%ﬁé £ pglgespondmg
exposures so as to correct a col or bal ance between

said col or sepaggiasofespdramiteeach of said image sensor
arrays. 15. The nulti-spectral video canmera of claim

13, wherein said electronic control systemis further
configured to apply a contrast enhancenent correction

to eaph OfTﬁ@hﬂnhr%%@tr&lf RS dahth AN 192herSRYGIA light
sensor” ‘array
splitting prism is configured for splitting the light from the optical arrangement

into channels with spectral ranges corresponding to color separations for

constructing a true color video sequence of the changing scene.

14. The multi-spectral video camera of claim 13, wherein said
electronic control system is further configured to scale pixel values for each of
said image frames by a correction coefficient related to said effective exposures
so as to correct a color balance between said color separations from each of

said image sensor arrays.

15. The multi-spectral video camera of claim 13, wherein said
electronic control system is further configured to apply a contrast enhancement
correction to each of said image frames from each of said image sensor arrays,
said contrast enhancement correction being performed independently for each

of said color separations.
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sai d contrast enhancenent correction being perforned

i ndependently for each of said col or separations. 16.
Wapwomeditd - spectral video camera of claim 12, PEBEIR008/055597

said electronic control systemis further configured

to apply a contrast enhancenent correction to each of

sai d 1GmgeThe ampli-spentrabarideof camith iofaghimergorwherein said

arrays, said contrast enhancenent correction being

&@6&&51@%%11’&69 %&ﬁqﬁtﬂlﬁhéﬂéorﬂﬁéﬁe@ﬁo aphle LEAABE enhdhtement

mul ti-spectral video camera of claim12, wherein

sal electro trol ste is f er. confi red

G &endl GoBr e vases FHiss drard coh oh Seidk Bres YehSarrays,
from each channel based on sal d exposure paraneter

chéd icoattadtr arhaegamenty canectionabeing revformedlyindeppidedtlpyfor each
said sensor array. 18. The nmulti-spectral video canera

Sf s é ahiieds. Wherein said at |east one exposure

crlaterlon I'S applied to pixel values in at |east one
frame preceding said sanpled frame by no nore than a
fifth of a second 19. A mJIti-spectraI vi deo canera

scenct RonpF e Wyl onsetat idep. SHETT Al Fhih dg. debpRin seid

configured for sanpllng sequences of i mage franes in
éactomit canrobisydtémyis dhrtiodracomeighiredetictet shidsefifettivieaxpebse for
corresponding to a distinct predefined spectral range;

é’eﬂ:lflil » QQ&P?& Rl FM Cea%ﬁ”&ﬁa‘ﬁ'ge?%%@d“&ﬁ%ﬁﬂ' c‘?&onl téﬁrameter

spectral imaging device, said ele
ast

ontrpo] syste |ncIud|n at,
gerlved %romyexacg]y one frame Ig)revmus y sampled by said sensor array.
18.  The multi-spectral video camera of claim 12, wherein said at least
one exposure criterion is applied to pixel values in at least one frame preceding

said sampled frame by no more than a fifth of a second.

19. A multi-spectral video camera for capturing video images of a

dynamically changing scene comprising:

(a) a multi-spectral imaging device configured for sampling
sequences of image frames in each of a plurality of channels,
each of said channels corresponding to a distinct predefined
spectral range; and

(b) an electronic control system associated with said multi-spectral
imaging device, said electronic control system including at least

one processor, said electronic control system being configured to:
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one processor, said electronic control system being
configured to: (i) receive pixel data for inmage franes

WO poogag1of said channels, (ii) during ongoi ngPGHMSNGSS97
of said inmage franmes, apply a contrast enhancenent
correction to a plurality of said.imge_.franes frogw .
each of salil ch@ﬁﬁ’é’ﬁs?“ﬁ%eﬂﬁﬁn Qnjimagenfipmes m each of said

enhancenent correction is perfornmed i ndependently for
each of said chegmgels, 20. The nulti-spectral video
canera of claim 19, wherein said electronic contro

Timge 1 rartd 1 offE S S PuBY i fai ThheB CRAREL oty o

vi deo sequence. 21. The nulti-spectral video canera of
claim 19, wher efantsast enbanesspric coEECtiomdPong pbvaliy of said
includes: (a) a light splitting prismconfigured for

splitting the |jgiHe framey fldgh SR 6RdaidEhaRRENt intO
a plurality of spatially separated channel s each

cont ai ni light of a distinct predefinged spectra

¥R SafornRl cBhufoatay GFocg oS sishEomelingpiendently for
each of said sensor arrays being deployed for sanpling
encharfisant ehafnelsorage franmes for a correspondi ng one of

said channels. 22. The nulti-spectral video canera of
claim2l, wherein said electronic control systemis
further configured to:(a) during ongoing sanpling of

sai d pomgyeThE apmdi-speitAleviRo eambrdfof claim 19, wherein said
electronic control system is further configured to output said corrected image

frames for display as a real-time corrected video sequence.

21.  The multi-spectral video camera of claim 19, wherein said multi-

spectral imaging device includes:

(a) a light splitting prism configured for splitting the light from the
optical arrangement into a plurality of spatially separated
channels each containing light of a distinct predefined spectral
range; and

(b)Y  a plurality of image sensor arrays, each of said sensor arrays
being deployed for sampling a sequence of image frames for a

corresponding one of said channels.

22.  The multi-spectral video camera of claim 21, wherein said

electronic control system is further configured to:
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said sensor arrays an exposure paraneter determ ned by
applying at | east one exposure criterion to pixel

W@ 20000%31ih at | east one frane sanpl ed by sai d BEHBR2008/055597
array; and (b) set independently for each of said

sensor arrays an effective exposure for _a subseguept
sanpl @ f r SHESHPNZRING S < s§1d pagfefrpmg rw§aﬁnoa each of
ef fective exposure being set in accordance with said

exposur e palidseiei aheys bhexposiespeateng deraonedby ayplying
23. A multi-spectral canera for capturing imges of a

scene conpki : pt.j: a :
ol ect i gt [R op ShFEu S bifBlon? i§ R Blbed 3 at ey ome
prismconfjgured for splitting the light fromthe

optical ariFamgesspled by sid sgnsararrayy and spatial |y

separ ated channels each containing |ight of a distinct

pr edefv)nedset PadbpeldendROfor €5oh dFPIaid alenkdr QfraleBge effective
sensor "arrays, each of said sensor arrays being

depl oyed for_ sanpl.ing i e frames for. a coryespondin

one of sai GRRI&YSd RaSusn aRed drins TR Bauete of
system associated with said plurality of imge sensor
arrays, sainmkgsl Gemesnisaidcoficetdve syposmeiteihgidehdn aiccordance
| east one processor, said electronic control system

bei ng Conf{vgﬁfsﬁﬁi ¢spdsie oéeﬁﬂﬁﬁﬂe’&% ORAREOrRIsEEhdiHB B drofRtay.

each of said inage sens

23. A multi-spectral camera for capturing images of a scene

comprising:

(a)  an optical arrangement for collecting light from the scene;

(b)  a light splitting prism configured for splitting the light from the
optical arrangement into a plurality of spatially separated
channels each containing light of a distinct predefined spectral
range;

(c) a plurality of image sensor arrays, each of said sensor arrays
being deployed for sampling image frames for a corresponding
one of said channels; and

(d) an electronic control system associated with said plurality of
image sensor arrays, said electronic control system including at
least one processor, said electronic control system being

configured to:
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arrays, (ii) analyze said pixel data separately for

each of said imge sensor arrays so as to determ ne an
W@ (oeig0 par aneter for each of said sensor arPGH/BB20¢81$5597

(iii) actuate each of said sensor arrays to capture a

subsequent .i mage frame with.an effective exposuye i
ndi vi dual § SerecpiE BRseH 2br e, fiomy Cheh 4E Saitiknea sensor
with the correspondi ng exposure paraneter.

arrays,

(ii)  analyze said pixel data separately for each of said image
sensor arrays so as to determine an exposure parameter for
each of said sensor arrays, and

(iii) actuate each of said sensor arrays to capture a subsequent
image frame with an effective exposure individually set

for each sensor array in accordance with the corresponding

exposure parameter.
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